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Filing Date: 
Applicant: 
Group Art Unit: 
Examiner: 
Title: 



CONCEPT FOR USING SOFTWARE / ELECTRONICS 
TO CALIBRATE THE CONTROL SYSTEM FOR AN 
AUTOMATIC TRANSMISSION 



Attorney Docket: DKT03066A (BWI-00084) 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Declaration Under Rule 131(a) 

Dear Sir: 

Eric Sandstrom, the applicant in the above-identified patent application declares 
as follows: 

1. That on or prior to November 4, 2002, I conceived a method of calibrating 
an electrohydraulic control system that provides an output response in response to an 
input current, said method comprising identifying a characteristic equation of the 
electrohydraulic system, said characteristic equation including a plurality of coefficients; 
coupling the electrohydraulic system to a test stand; applying a plurality of different 
currents to the electrohydraulic system; measuring the output response of the 
electrohydraulic system for each of the plurality of currents; identifying the coefficients in 
the characteristic equation from the output response measurements, and flashing the 



coefficients in a memory the apparatus utilized with such above noted method be shown 
and described in the accompanying Exhibit A including a front page, and a signature 
page along with a witnessing page along with seven attached pages . 

2. Applicant has diligently pursued such inventive method from a date on or 
prior to November 4, 2002 until a subsequent filing of a provisional patent application on 
April 11, 2003 and a further filing of a nonprovisional application claiming the benefit of 
the provisional application filed on February 27, 2004 evidence (Exhibit B) of such 
diligence is showm and demonstrated in a copy of an e-mail sent to Johannes Braum of 
Volkswagon, Germany wherein coefficient data regarding the invention show in Exhibit 
A is given. 



The declarant further states that the above statements were made with the 
knowledge that willful false statements and the like are punishable by fine and/or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and 
that any such willful false statement may jeopardize the validity ofjbis^pplication or any 
patent resulting therefrom. 



Date: W^/^ 




Eric Sandstrom 



P.O. Box 70098 
Rochester Hills, Ml 48326 
(248) 364-4300 



Dated: O^U^pp 



PRW:EEH:mlb 



Respectfully submitted, 

WARN PARTNERS, P.C. 
Attorneys for Applicant 



Philip R. Warn 
Reg. No. 32775 
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EXHIBIT A 





BWACase No. 



Patent Dept Use Only 



Use Ink or Type 

Short Title of the invention: Concept for using software/electronics to caffl>rate the 
control system for an automatic transmission 



Abstract of the invention 

Typicafrtransntts sw cort 

etecma^aufcoortrot compel Typically, each 

efectahydnauBe component would be cataafed incfividuaty, seprafe from the oontrol system. This new concept 
efinrinates the need Ibr mechanical caBMafionol indivktuai components, in adcfitfon, a farther reduoas control system 
variatkxibycagxat^eacftfi^ The resuft is a less 

expensive, more precise control system. 



Abbreviated Division Name for Invention 

Cafibrsting Automatic Transmission Control Systems 



Background Information 

AnacncopwsoftnemawiBB, sucnassxescnes, cr&Mngs, anq oescr^joons, reteneo to n ires sec oon g possaca. 



1. 

2. 
3. 
4. 

5. 



Prior Art 

In di c ate the most dosety related patents, pubfications and processes known to you. 



Unknown 



Related Cases 

Note any related BWA case numbers {e.g. DKT92500) which you fee) you may be cross-referenced to 
this invention. 

Unknown_ 

Detailed Description of the Invention 

The cafibcation is achieved by generate characterise 
system. The characteristic equations are writtaniintothe Wiide 
each time a desired output is required from the a>nt^ 

the characteristic curve to the actual characterise as measured d^ The fitting process uses 

regression techniques to calculate coefficients for the eta The 
coefficients are then flashed to the TCU memory, resulting in a unique equation ^ 
pressure / flow to required current 



inventors) 
1. 

Eric Sandstrom 
Full Name (type or print) 



Street Address 




Citizen of 




Witnesses 

I have read and understood this INVENTION RECORD inducting 



^ additional attached pages. 



Signature 

W Ah 

Printed Name 



Office Phone/Office Fax 



Office e-mail 




Printed Name 



Office £hcne/Office Fax 



Cities e-malJ 



Send Invention Rocord to: 



Petefit Department 

Borg-Wamer Automotive, Inc. 

P.O. Box 5060 

3001 W. Big Beaver Road 

P.O. Box 5060 

Troy, Ml 48007-5060 
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[3 Reference: D:\Program Fiies\MathSoft\Maihcad 8 Profcssional\TcmpIate\units.MCD 



VW Clutch Pressure Calibration 

E.C.Sandstrorn 
15 May 01 

data := READPRN( ,, clutch.pm H ) 
Ldata := data <0> 
p_data := data^ 



step_data := READPRN( w clutch_step.prn" ) 
i_step := step_data^ 
p_step := step_data^ 

k := 0 .. rows(data) - 1 



t 1 1 r 



i step 
XXX 



0-5 - 




p d ata , p_$tep 



F(x) := 



1 
1 

1 + x 

X 

f 
x" 

I 



V, 0.0001 + x 3 ) 
n := rows(step_data) 

data := cson(stcp_daia, I) 
dutch, mcd 



n=9 



i := 0..n- 1 



Y := data <0) 



S:= linfiiJX.Y.F) 



Least-squares fitting function: 
fit(x) :« F(x)-S 

Sum of the squares of the residuals: 



J](f5<X i ).Y i ) 2 = 5.094 x 



10 



r3 



n points := 50 



j := O..npoinis 



qj := min(X) + j- 



(max(X) - min(X)) 
npoims 




o 2 
X-Ydata 

Least-squares fit 

trace 3 



10 



P:= 0..1..20 



dutch.mcd 



VW Clutch Pressure Calibration 

E.C.Sandstrom 
15 May 01 

Characteristic Equation: i(P) = cl + — — 4 c3-P + c4-r + — , ■ ' . 

1 * P P 3 + 0.0001 



Sample Equation with Coefficients: 



.242 -s > 7.328-10* 
i(P) :» 0.376 + 0.059- P + 1 .681- 10 5 -P~ - — — 

] + ? P-V 0.0001 



VW Clutch Current vs. Pressure 




0.1 



0123456789 10 11 

Pressure (bar) 

Fit 

Actual 

Actual + 1% 

Actual - 1% 



ciutch.mcd 



VW Clutch Pressure Calibration 

E.C.Sandstrom 
15 May 01 

Characteristic Equation: i(P) a C l + — — + c3 P + c4 P 2 + 05 

1 + P P 3 + 0.0001 



Sample Equation with Coefficients: 



i(P) := 0.376 - — + 0.059- P + 1.68M0" V - 7 ' 328>1Q ~ 9 
1 + p P 3 + 0.0001 



VW Clutch Current vs. Pressure 




Fit 

Actual 
Actual + 1% 
Actual - 1% 



10 11 



clutch.mcd 



VW Lube Flow Calibration 

E.C.Sandstrom 
15 May 01 



Characteristic Equation: i(Q) = cl + c2 (q^k) + — — — + c4-e Q K " 

1 + Q 2 K 



Sample Equation with Coefficients: 

i(Q) := 0.834- 0.06i (q 2 k) + 0123 - 4.958- 10~ 4 e Q2 ' K 

1 +Q 2 K 

where; K = 0.017 




lube.mcd 



VW Line Pressure Calibration (20 bar) 

E.C.Sandstrom 
10 May 01 



Characteristic Equation: i(P) = el + c2 P + c3 P 2 + e4 e p 



Sample Equation with Coefficients: 



i(P) := 1.082 -0.032P + -4.906- lO'V - 4.231- 10~ l0 e P 



Line Current vs. Line Pressure 




Line Pressure (bar) 

Fit 

Actual 



lp_20.mcd 



VW Cut-off Valve Calibration 

E.C.Sandstrom 
15 May 01 



Characteristic Equation: i(P) = cl + — — + c3 x + — + c5 x 2 

1 + P 0.0001 + P 3 



Sample Equation with Coefficients: 



i(P) := 0.426 



-—— + 0.017P + 6.033 10 *P* 



1 + P 



0.0001 + P 3 



Safety Current vs. Safety Pressure 




Safety Pressure (bar) 



Fit 

Actual-PREDICTED 



safety.mcd 



EXHIBIT B 




Subject: FW: VFS Data 

Attachments: vfs calibration coefficients_updated__ l.xls.asc 




vfs calibration 
coefficients_u... 



—-Original Message — 

From: esandstrom@borgwarner.com [mailto:esandstrom@borgwarner.com] 

Sent: 

To: E 

Subject: FW: VFS Data 
Hello E 

Below is an e-mail that was sent to our customer (Volkswagen) back in . In the e-mail, 

I am sending our customer the calibration coefficients (attached) for a number of prototype samples. 
Basically, it is the output (d, c2, c3, c4, c5) of the calibration routine that I'm trying to patent. 

Regards, 

Eric 



Original Message 

From: Sandstrom, Eric (PTC-Auburn Hills) 

Sent: 

To: 

Subject: RE: VFS Data 
* PGP Decrypted Message 



Hello Johannes, 

Attached is the most recent calibration coefficient sheet that I have released. I don't see the serial 
numbers you're looking for in my list. Tulle has started generating the coefficients for spare VFSs, so 
the list may have come from Tulle. You might try contacting Jean-Pierre Alexandre. 

Regards, 

Eric 

Original Message 

From: 



1 



Sent: 

To: 'Sandstrom, Eric (PTC-Auburn Hills)' 
Subject: AW: VFS Data 



Hello Eric, 

sorry, the important information (calibration data) is missing of course. 
The S.N. are 02-332-001 to 02-332-023. 

Attached you II find some (incomplete) information about our visit in Tulle (what we intend to 
discuss). 

Regards, 

J 



Ursprungliche Nachricht 

Von: Sandstrom, Eric (PTC-Auburn Hills) 

[mailto:ESandstrom@afs.bwauto.com] 

Gesendet: 

An: 

Betreff: RE: VFS Data 



Hello J 

Are you looking for calibration coefficients or actual performance data? 

Regards, 

Eric 

Original Message 

From: 
Sent: 

To: 'BW Sandstrom, Eric' 
Subject: VFS Data 



Hi Eric, 

you've sent an EXCEL sheet with VFS Data R7.3. I've seen it on a sheet of paper, but no one in 
Wolfsburg has the file. Can you send it once again? 
Manufacturing date is 28th of november (332). 

Regards, 

J 



2 



* PGP Decrypted Message 

* vfs calibration coefficients_updated_ xls 
* 



3 



r. 



VFS Calibration Coefficient Record for Spare Parts 

Updated 12.Nov.02 ; : ... 

Sandstrom 



SN 

02-211-008 

02-211-007 

02-211-004 

02-211-003 

02-211-002 

02-211-001 

02.218-004 

02.218-003 

02.218-002 

02.218-001 

02-211-010 

02-211-009 

02-218-008 

02-218-007 

02-218-006 

02-218-005 

02-245-026 

02-245-022 

02-245-021 

R7. 1-02-245-20 

R7. 1-02-245-19 

R7.1-02-245-18 

R7. 1-02-245-1 7 

R7. 1-02-245-1 6 

R7.1-02-245-14 

R7. 1-02-245-1 3 

02-249-011 

R7. 1-02-266-40 

R7.1 -02-266-39 

R7. 1-02-266-38 

R7. 1-02-266-37 

R7. 1-02-266-33 

R7.1 -02-266-32 

R7. 1-02-266-30 

R7. 1-02-266-27 

R7. 1-02-266-25 

R7. 1-02-266-29 

R7. 1-02-266-28 

R7.2-02-288-60 

R7.2-02-288-59 



c1 



c2 



c3 



c4 



R7.2-02-288-30 



R7.2-02-288-17 



R7.2-02-288-09 



• R7.2-02-288-08 



R7.2-02-288-12 



3.7521 1 040E- 
3.67872860E- 
3.6781 3670E- 
3.79844930E- 
3.79532040E- 
3.66644520E- 
3.55376820E 
3.69121460E 
3.758241 80E 
3.52352750E 
3.9491 1360E- 
3.84860570E- 
3.92560980E- 
3.73931 540E- 
3.82371 530E 
4.01369290E 
3.860681 30E 
3.79938950E 
3.71224320E 
3.81223270E 
3.792581 10E 
3.75760830E- 
3.66823440E- 
3.751 661 60E 
3.89707490E 
3.86473070E 
3.9228031 0E 
3.76533770E- 
3.69236490E 
3.72744290E 
3.7821 3560E 
3.69053430E 
3.81208330E 
3.82303620E 
3.8091 8650E 
3.8281 951 0E 
3.73505940E 
3.82622090E 
3.7831 2690E 
3.751 14860E 
3.664521 60E 
3.765751 50E 
3.84295250E 
3.76094670E 
3.763291 70E 



01 -2.9901 3490E-01 

01 -2.8071 1500E-01 

01 -2.94260380E-01 

01 -2.99549960E-01 

01 -3.16066490E-01 

01 -2.81 361 920E-01 

01 -2.89468280E-01 

01 -2.95547230E-01 

01 -3.04833530E-01 

01 -2.76586580E-01 

01 -3.244661 50E-01 

01 -2.95324780E-01 

01 -3.3490461 0E-01 

01 -3.2581 3780E-01 

01 -3.18559890E-01 

01 -3.41868000E-01 

01 -3.1 785271 0E-01 

01 -3.200291 40E-01 

01 -2.95780430E-01 

01 -3.19363910E-01 

01 -3.137861 10E-01 

01 -3.07692860E-01 

01 -2.953031 80E-01 

01 -3.02762980E-01 

01 -3.37362450E-01 

01 -3.3100341 0E-01 

01 -3.13262300E-01 

01 -3.39384660E-01 

01 -3.19043090E-01 

01 -3.21904850E-01 

01 -3.34353400E-01 

01 -3.20642980E-01 

01 -3.31 36441 0E-01 

01 -3.3640361 0E-01 

01 -3.50840050E-01 

01 -3.40639050E-01 

01 -3.28925020E-01 

01 -3.49306900E-01 

01 -3.17846740E-01 

•01 -3.18460580E-01 

01 -3.051491 60E-01 

•01 -3.35620040E-01 

•01 -3.36806690E-01 

•01 -3.16540670E-01 

■01 -3.281 16250E-01 



5.75855700E-02 
5.999041 00E-02 
5.87849000E-02 
5.78393300E-02 
5.85065400E-02 
5.7921 5200E-02 
6.69475500E-02 
7.1 46771 00E-02 
6.75222200E-02 
7.23954900E-02 
5.1 08831 00E-02 
5.64074900E-02 
5.16364000E-02 
5.75964200E-02 
5.77502200E-02 
5.05569500E-02 
5.882551 00E-02 
5.671 83300E-02 
5.7941 8600E-02 
5.79049300E-02 
6.05554800E-02 
6.0961 5200E-02 
5.949441 00E-02 
5.71469700E-02 
5.591 10200E-02 
5.59996700E-02 
5.89456200E-02 
5.27918600E-02 
5.23553600E-02 
5.3341 9400E-02 
5.24849500E-02 
5.522341 00E-02 
5.281 94600E-02 
5.26939900E-02 
5.18243900E-02 
5.321 971 00E-02 
5.568741 00E-02 
5.24539600E-02 
5.29525000E-02 
5.42848700E-02 
5.15718000E-02 
5.03790500E-02 
5.12592200E-02 
5.3041 2900E-02 
5.28827800E-02 



1.04165450E-04 
5.601 95657E-06 
2.0921 1344E-04 
1.9321 1496E-04 
3.58120571 E-05 
7.05933875E-05 
-5.2921 041 7E-04 
-6.851 15859E-04 
-4.82073208E-04 
-6.79031 250E-04 
4.82350703E-04 
2.37089533E-04 
4.24305972E-04 
3.0059641 8E-05 
7.702031 11E-07 
4.34254726E-04 
5.81008370E-04 
5.10887803E-04 
4.23668758E-04 
5.08470265E-04 
5.600021 69E-04 
3.60626066E-04 
4.88080826E-04 
6.38644266E-04 
6.7858701 1E-04 
6.91464904E-04 
2.83273481 E-04 
5.441 8041 7E-04 
6.8791 6491 E-04 
5.5695501 9E-04 
6.39299068E-04 
3.98842208E-04 
6.40472979E-04 
6.24639849E-04 
6.86545698E-04 
4.95574898E-04 
4.91779324E-04 
5.84046860E-04 
5.1 740661 3E-04 
4.43207802E-04 
5.270251 96E-04 
5.50725252E-04 
6.60437444E-04 
4.0371 3621 E-04 
4.801 52689E-04 



R7.1-02-288-03 

R7.2.02.304.004 

R7.2.02.304.001 

R7.2.02.304.003 

R7.2.02.304.002 

R7.2.02.304.006 

R7.2.02.304.005 

R7.2.02.316.01 

R7.1. 02.31 6.02 

R7.2.02.316.03 

02-310-004 

02-310-005 

02-310-006 

02-310-007 

02-310-008 



3.8841 8450E-01 
3.66749700E-01 
3.848791 50E-01 
3.74308080E-01 
3.7084091 0E-01 
3.77888590E-01 
3.87355590E-01 
3.7778631 OE-01 
3.791 421 30E-01 
3.63458570E-01 
3.71679540E-01 
3.67027430E-01 
3.7931 8330E-01 
3.71718830E-01 
3.67467920E-01 



-3.82705520E-01 
-3.12763910E-01 
-3.47621 650E-01 
-3.1281 1490E-01 
-3.12376650E-01 
-3.39807270E-01 
-3.42283390E-01 
-3.44794420E-01 
-3.51924490E-01 
-3.14732920E-01 
-3.42074600E-01 
-3.18055460E-01 
-3.51582860E-01 
-3.2563251 OE-01 
-3.41899940E-01 



5.11769500E-02 
4.9991 9700E-02 
5.11933700E-02 
5.321 80500E-02 
5.57483400E-02 
5.14586300E-02 
5.08005700E-02 
5.15244200E-02 
5.02636300E-02 
5.64846700E-02 
5.33506300E-02 
5.65749200E-02 
5.31259400E-02 
5.207751 00E-02 
5.26581 100E-02 



5.98520834E-04 
7.79768228E-04 
7.39841 876E-04 
7.72372425E-04 
6.05354580E-04 
7.6931 0988E-04 
7.80789668E-04 
8.72466644E-04 
8.41898343E-04 
6.80343484E-04 
5.491 30392E-04 
6.83598590E-04 
7.39902272E-04 
7.63472600E-04 
6.83099704E-04 



c5 Notes 
-4.55753670E-06 
-6.91 38141 1E-06 
-6.18961412E-06 
-6.60029897E-06 
-6.266441 35E-06 
-6.69285896E-06 
-2.4279231 6E-06 
-3.0461 3288E-06 
-3.38232584E-06 
-5.61723582E-06 
1.30070594E-05 
1.57719308E-06 
2.60954600E-06 
-3.12633401 E-05 
-3.14633034E-06 
2.85753746E-06 
2.431 701 11E-07 
6.39614730E-07 
2.743981 93E-07 
3.61616143E-07 
3.19749542E-07 
2.3331 1358E-07 
2.24311 91 9E-08 
4.63360907E-07 
1. 40661 970E-06 
6.42622956E-07 
1.1 993239 1E-06 
-2.7322281 3E-06 
-2.4749451 1E-06 
-4.2382991 1E-06 
-2.59797549E-06 
-3.07237754E-06 
-2.81 146489E-06 
-2.74893577E-06 
-1.48832645E-05 
-3.0534871 6E-06 
-2.91 34581 9E-06 
-2.00586986E-05 
-3.0601 3699E-06 
-3.0981 01 04E-06 
-3.251 69334E-06 
-2.38698440E-06 
-2.901 93580E-06 
-3.07394738E-06 
-2.99645407E-06 



-6.5658851 3E-05 
-3.29342689E-06 
-3.05723392E-06 
-3.51 08901 1E-06 
-3.291 251 73E-06 
-3.34527080E-06 
-3.00161092E-06 
-4.52066955E-06 0.8 mm orifice 
-3.793761 77E-06 0.8 mm orifice 
-3.27646490E-06 0.8 mm orifice 
-3.74575759E-06 0.8 mm orifice 
-2.88599722E-06 1 .0 mm orifice 
-2.40078751 E-06 1 .0 mm orifice 
-2.591 77229E-06 1.0 mm orifice 
-2.83247879E-06 1 .0 mm orifice 



